superoxide dismutase (SOD), peroxidase (POD), catalase (CAT), and glutathione reductase (GR), as well as non-enzymatic components, namely reduced glutathione (GSH), ascorbic acid, a-tocopherol, bcarotene, flavonoids, hydroquinones, etc., that counteract these reactive oxygen species. Recently, experiments conducted by Beligni and Lamattina (1999) with Solanum tuberosum demonstrated that NO was able to modulate the toxic potential of reactive oxygen species. According to them, in systems where toxicity is incurred predominantly from reactive oxygen species (ROS), NO may act as a chain-braker and thus limit damage. In contrast, Delledonne et al. (1998) found a synergistic interaction between ROS and NO in the hypersensitive cell death in Arabidopsis.
In nitrate-nourished suspensions of microalgae, nitrite-dependent production of NO is a general phenomenon that markedly increased under various stress conditions (Mallick et al., 2000b) . The physiological role of the process was first assumed to consist of a detoxification of excess nitrite within the cell. The aforementioned findings of Beligni and co-workers led to the question whether NO formation may also be advantageous for algae exposed to stresses involving ROS. Such stresses are quite common in nature and entail photoinhibition that leads to photooxidation and bleaching of the pigments. With this in mind and with the knowledge that both hydrogen peroxide (H 2 O 2 ) and NO can be produced in the nitrate-grown photosynthesizing cells at the same time, we provide here some firsthand information on the interactive effects of H 2 O 2 , the most diffusible among the reactive oxygen species (Scandalios, 1994) , and NO on growth, chlorophyll a content and chlorophyll fluorescence characteristics of a chlorophycean microalga Scenedesmus obliquus.
Materials and Methods
Experiments were conducted with axenic cultures of S. obliquus (Turpin) Brebisson, SAG strain 276-3a.
Cultures were cultivated at 25°C (temperature-controlled waterbath) in 400 ml Sovirel screw cap culture tubes filled with 300 ml of N11 medium, pH 6.8 and a photoperiod of 16 : 8 h. The nutrient solution contained per liter: 1,000 mg KNO 3 , 83 mg Na 2 HPO 4 · H 2 O, 52 mg KH 2 PO 4 , 50 mg MgSO 4 · 7H 2 O, 10 mg CaCl 2 · H 2 O, 1 ml Fe-EDTA stock solution (10 g of chelate per liter), and 1 ml of Soeder's stock solution (SAZ, Soeder and Bolze, 1981 ) was selected as the NO donor (Refer Fig. 1 for structure). The potassium salt of 2-(4-carboxyphenyl)-4,4,5,5-tetramethylimidazoline-1-oxyl-3-oxide (c-PTIO, 10 mmol L
Ϫ1
) was used as a NO scavenger. Survival of the test alga under H 2 O 2 stress was scored following Rai et al. (1990) . For measurement of final yield and chlorophyll a content, algal cells (initial concentration: optical density of 0.02) were inoculated in (NH 4 )HCO 3 -substituted N11 culture medium supplemented with different concentrations of H 2 O 2 and incubated in the temperature-controlled waterbath as mentioned above. The final yield was determined by recording the absorbance at 560 nm after 15 days of incubation and expressed as dry biomass per liter following Soeder and Bolze (1981) . For chlorophyll extraction, algal cells harvested by centrifugation were incubated overnight in 80% (v/v) acetone. Quantification of chlorophyll a was performed according to Arnon (1949) .
Chlorophyll fluorescence of photosystem II (PSII) of the test alga treated for 1 h at different concentrations of H 2 O 2 was measured with a pulse-amplitude-modulated (PAM) fluorometer (FMS 2, Hansatech Instruments Ltd., Norfolk, UK). The measurements were performed at room temperature (25°C) in the dark. Algal cells after treatment with H 2 O 2 for 1 h under illuminated condition were adapted for 5 min in total darkness. This was the time needed to reduce PSII to a constant minimal fluorescence level (F 0 ) following (Maxwell and Johnson, 2000) . Following the F v /F m measurement the actinic light source was switched on and after 1 min another saturating light pulse was given. From the steady state light-adapted fluorescence level (F s ) and the maximal fluorescence in the light (F m Ј) the light-adapted quantum yield of PSII was calculated as, F PSll ϭ(F m ЈϪF s )/F m Ј. All experiments were repeated at least five times. The results were verified statistically using Student's t test and Duncan's new multiple range test. (68) 259 (71) 0.056(93) 0.053 (81) * Not significant, t significant at pϽ0.05, Student's t test. Data in parentheses represent the variation from control values. through endogenous overproduction of ROS caused by various kinds of stresses and resulting in photoinhibition, photooxidation of chlorophyll, destruction of chloroplasts, abrupt cell death etc. (Beligni and Lamattina, 1999) . These authors showed that in potato leaves infested by the fungus Phytopthora, impairment by ROS could be ameliorated through NO released from sodium nitroprusside. The same held for exogenous ROS stress applied by exposing potato leaves for periods from 18 h up to several days to solutions of hydrogen peroxide (150 mM) where NO was also effective as a protective antioxidant.
Results

Figure 2a presents
In our experiments with Scenedesmus low concentrations of H 2 O 2 (50-500 mmol L Ϫ1 ) resulted in decreased cell concentrations, growth yields and chlorophyll concentration (Fig. 2) . Photosynthesis as measured with various chlorophyll fluorescence characteristics showed marked impairment after only 1 h of exposure to H 2 O 2 (Table 2 ). These toxic effects of H 2 O 2 were significantly reduced by nitroprusside (Tables 1  and 3 ), a NO releasable chemical in the experimental condition (Rao and Cederbaum, 1995) . As the protective effect of nitroprusside was annihilated by the NO scavenger c-PTIO, this could be taken as evidence for the antioxidative role of NO in the system under study. Similar protection was also observed under rather natural NO-generating conditions where ammoniumgrown Scenedesmus displayed significantly lower H 2 O 2 resistance than the nitrate-grown cultures (Fig.  3) , where the latter always entail nitrite-dependent NO formation (Rai et al., 1999) .
Supplementation of antioxidants like thiourea and penicillamine ameliorated the toxic effects produced by H 2 O 2 (Tables 1 and 3 H 2 O 2 could be a possibility. This is, however, unlikely as we observed that addition of H 2 O 2 (final concentration even up to 1 mmol L
Ϫ1
) to the nitroprusside solution (50 mmol L Ϫ1 ) resulted in no measurable decrease in NO release (data not shown). Therefore, the biological puzzle why and how nanomolar NO concentrations released by nitroprusside protected the alga against the damage caused by micromolar concentrations of H 2 O 2 points towards the role of NO as a signal molecule in the system under study.
The non-destructive method of chlorophyll fluorescence has proven to be an efficient tool for evaluating the physiological state of plants (Maxwell and Johnson, 2000; Schreiber et al., 1986) . The maximum quantum yield of PSII (F v /F m ) is often used as a stress indicator and describes the potential yield of the primary photochemical reaction (Bjoerkman and Demmig, 1987) . The results obtained in this study showed that supplementation of H 2 O 2 led to a significant decrease in the maximum quantum yield of PSII (Table  2) . Although the dark-adapted initial fluorescence value (F 0 ) increased with an increase in the supply of H 2 O 2 , the main impact was on dark-adapted maximal fluorescence following a saturation flash (F m ) ( Table 2) . Since F 0 fluorescence originates from chlorophyll a antennae associated with the PSII light harvesting complex (Lu and Zhang, 2000) a rise of F 0 could be interpreted as a reflection of reduced energy transport effectiveness from the chlorophyll a antennae to the reaction center of PSII and/or to a disturbed function of the PSII reaction center (Georgieva and Lichtenthaler, 1999) . It is generally accepted that the maximal fluorescence (F m ) expresses the state of PSII when all Q A (the primary electron acceptor in PSII) molecules are reduced (Lazar, 1999) . A decrease in F m and F v values, and a decline in the F v /F m ratios under H 2 O 2 stress, as observed in the present study, reflects an increase in energy dissipation as heat or non-photochemical quenching (Mena-Petite et al., 2000) , thus resulting in a lower maximum quantum yield of PSII. Thus H 2 O 2 directly influences the electron spillover from Q A to Q B . The actual site of the impairment could be much further down the elctron transport chain and needs to be resolved.
This study therefore, points towards the role of NO as a signal molecule in plant defense research and the fact that we were able to detect the stress exerted by H 2 O 2 (i.e. by ROS) and the countereffects of NO, thiourea, and penicillamine within 1 h of exposure when using chlorophyll fluorescence measurements, compared to growth yield or cellular constituents also emphasizes the elegance and usefulness of this method, especially in plant stress research.
